Abstract
pathogenesis and matrix remodeling. The aim of this work was to quantify differences in 34 protein abundance between exoproteomes from biofilm and from planktonic state. For this, 35 two field strains previously evaluated as good biofilm producers (3119 and J311) were 36 used, and a procedure for the recovery of biofilm exoproteins was optimized. Proteins 37 were resolved by 2D-DIGE and identified by ESI-MS/MS. One of the proteins identified in 38 higher abundance in the biofilm exoproteomes of both strains was the putative cell wall 39 binding protein Lmo2504. A deletion mutant strain on this gene was produced 40 (3119lmo2504) and its biofilm forming ability compared to the wild type using the crystal 41 violet and the ruthenium red assays, as well as scanning electron microscopy. The results 42 confirmed the involvement of Lmo2504 in biofilm formation, as strain 3119lmo2504 43 showed significantly (p 0.05) lower biofilm forming ability, compared to the wild type. The 44 identification of additional exoproteins associated with biofilm formation may lead to new
Introduction

52
Listeria monocytogenes is a foodborne pathogen able to persist in food processing environments. It is 53 the causative agent of the severe human and animal disease, invasive listeriosis, whose features 54 frequently include meningitis or sepsis. Listeriosis has a mortality rate of 23.7 % (1) and is especially 55 severe in the elderly and in immunocompromised persons. In the case of pregnant women it may 56 lead to premature birth, abortion or stillbirth. 57 The ability of these bacteria to form biofilms is often associated with their ability to survive adverse 58 conditions in food processing environments. Its biofilm forming ability has been evaluated by several 59 methods more or less correlated to the conditions found in the food industry, namely the type of 60 surface material (2). In addition to microbial cells, the biofilm matrix is composed by 61 exopolysaccharides, lipids, glycolipids, DNA and proteins (3). The evaluation of biofilm forming ability The aim of this work was to evaluate differences in exoproteins from biofilm cells versus its planktonic 73 counterpart by using two-dimensional difference gel electrophoresis (2D DIGE) Cultures from -80 ºC were struck onto TSA-YE (Oxoid, Hampshire, UK) and incubated overnight at 25 93 ºC. For each isolate, 10 ml of Modified Welshimer's broth (MWB) (10) was inoculated and incubated 94 24 hours at 25 ºC to obtain pre-inocula. 95 For planktonic growth, 1 ml of each pre-inoculum was used to inoculate 30 ml of MWB and incubated 96 for 24 h at 25 ºC at 150 rpm. The cultures were then centrifuged at 3000 g for 20 minutes and the 97 supernatant fluid discarded. Cells were resuspended in 30 ml of fresh MWB and centrifuged again to 98 discard the supernatant fluid. Thirty ml of fresh MWB was used to resuspend the pellet and incubation 99 proceeded for 6 hours at 25 ºC for protein secretion.
100
Biofilms were grown on stainless steel coupons prepared as described by Lourenco et al.
101
(2).Disposable test tubes with 24 ml of MWB were inoculated with 1 ml of each pre- Conformance to normality of the data generated by CV and RR assays was checked using the analysis, antigen A and internalin C were among the proteins with the more negative ratios (Table 2) .
244
With strain 3119, compared with strain J311, more spots, either with a positive or with a negative 245 ratio, were detected. Consequently, more differences between biofilm and planktonic state were 246 observed. In fact, when the spots with significant intensity and a positive ratio are compared, strain 247 3119 has 10 spots that were not considered on strain J311, whereas only five spots were not 248 significant for strain 3119. Likewise, on the negative ratio, strain 3119 has 13 spots that were not 249 considered on strain J311, whereas only five spots were not significant for strain 3119 ( The results obtained with crystal violet and ruthenium red assays for the mutant strain 3119Δlmo2504 257 and its wild type are presented in Table 3 . For both assays, either after 24 or 48 hours of growth, the 258 values obtained for the wild type strain were significantly higher than for the deletion mutant strain. 
Discussion
263
In this study some proteins were identified in more than one spot. was secreted by both strains in greater amounts in the biofilm state, especially for strain 3119 (Table   323 2). This protein, similar to cell wall binding proteins, is predicted to be secreted according to 324 Secretome 2.0 Server (28) and by the ruthenium red assay that targets exopolysaccharides (Fig. 2) . Observations using SEM 343 ( Fig. 3 ) corroborate these results, as it was possible to observe larger and more numerous 344 microcolonies for the wild type strain and fewer and more dispersed for 3119Δlmo2504 indicating 345 lower attachment ability and a less structured biofilm of the mutant.
346
The role of proteins in biofilm development has been a subject of intense study in the recent years 347 and some progress has been made in several species. Positive ratio values indicate higher abundance in the biofilm state. Negative ratios indicate higher abundance in the planktonic state. The spots ratios marked with a dash did not comply with the established cutoff parameters for considering a valid difference of protein abundance between biofilm and planktonic states (absolute value of ratio > 1.5 with p < 0.05). *MWB -Modified Welshimer's broth ** According to EGDe strain Average values ± standard deviation are indicated. *p values obtained using ANOVA post hoc LSD comparison test. For both assays and both times, the level of significance considered was p < 0.05 and therefore differences between wild type and mutant were significant.
